ABSTRACT Background: It is unknown how well the trimester-specific recommendations for gestational weight gain (GWG) given by the Institute of Medicine/National Research Council (IOM/NRC) identify women at risk of GWG outside IOM/NRC recommendations for total GWG. Objective: We assessed the prognostic value of trimester-specific cutoffs for inadequate or excessive total GWG in term pregnancies. Design: Data on prepregnancy weight and the temporal course of GWG were collected from medical records. A total of 7962 women were included in the final analysis. Main outcome measures were inadequate or excessive total GWG as defined by criteria of the IOM/NRC. Main exposures were GWG outside the IOM/NRC week-specific recommendations in the first, second, and third trimesters. Results: The prediction of gaining weight within the GWG recommendations increased with gestational age and was related to the maternal weight category and outcome. In the second trimester, inadequate GWG was predicted with a sensitivity of 49% and 60.2% and a positive predictive value (PPV) of 72.1% and 68.3% in underweight and normal-weight mothers, respectively. Excessive GWG was predicted with a sensitivity of 72.7% and 70.4% and a PPV of 94.3% and 93.3% in overweight and obese mothers, respectively. Conclusions: On the basis of second-trimester-specific guidelines, inadequate GWG can be predicted in underweight and normalweight mothers, whereas excessive GWG can be predicted in overweight and obese mothers. Therefore, it appears possible to identify women at risk of gaining outside of the guideline as early as the second trimester.
INTRODUCTION
Current guidelines of the Institute of Medicine/National Research Council (IOM/NRC) 5 on gestational weight gain (GWG) emphasize the importance of adequate weight gain during pregnancy to improve the probability of having a good outcome of pregnancy (1) . Furthermore, there is evidence that inadequate and particularly excessive GWG, as assessed at delivery, are associated with size at birth (2) and may be associated with childhood overweight (3) (4) (5) (6) (7) .
GWG is influenced by a number of factors, some of which cannot be modified (eg, maternal parity and ethnicity) (1, 8) . Recent meta-analyses have shown that interventions that increase physical activity alone (9, 10) can reduce GWG. A stronger reduction in GWG appears to be achievable with a combination of interventions that increases physical activity, nutritional counseling, and supplementary weight monitoring (11) . These interventions should be targeted at women who are at risk of excessive total GWG. Early identification of increased risk of high total GWG is important to allow sufficient time for an intervention to take effect. Trimester-specific cutoffs provided in IOM/NRC guidelines (1) offer the opportunity to identify women at risk of inadequate or excessive GWG at an early time during pregnancy. However, it is unknown how accurately these trimester-specific cutoffs predict whether women will gain within the guidelines for total GWG.
The objective of the current study was to assess whether and to what extent GWG below or above recommended trimesterspecific cutoffs predicts inadequate or excessive GWG, respectively, at the end of pregnancy. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and positive diagnostic likelihood ratio (DLR) for these categories of GWG were analyzed in a retrospective cohort of 7962 pregnant women in Germany.
SUBJECTS AND METHODS

Study population and data sources
Data on weight gain during pregnancy were collected in a large, retrospective cohort study on maternal weight, GWG, and childhood overweight. The study was conducted in 6 towns located in Bavaria, which is a southern federal district of Germany. Data-collection centers were distributed in a wide geographical area and included the towns of Augsburg, Ansbach, Dachau, Passau, Landshut, and Rosenheim.
Participants were recruited during the annual school-entry health examinations. Data were collected by trained study nurses from October 2009 to June 2011. Before the school-entry health examinations, information leaflets were sent to parents. Mothers and their children were invited to take part in the study. Signed informed consent was obtained, and the study protocol was approved by the local ethics committee.
Data on weight gain during pregnancy were obtained from the maternity pass. In Germany, a maternity pass is issued to every pregnant woman at her first antenatal visit to the gynecologist. The maternity pass includes complete documentation of health care visits during pregnancy. The maternity pass provides comprehensive prenatal data on ultrasound check-ups, laboratory assessments, and the gravidogram, which includes several weight measurements at different times during pregnancy documented by the physician consulted. Although German gynecologists might be aware of the IOM/NRC recommendations, these recommendations are not systematically implemented in the counseling of pregnant women in Germany (12) . On the day of the school-entry health examinations, study nurses abstracted information on maternal height, prepregnancy weight, maternal weight during pregnancy at several times, diabetes before pregnancy, gestational diabetes, and gestational age at delivery from the maternity pass.
Of 21,454 school-entry health examinations conducted during the study period, 11,730 mothers agreed to take part in the study, which resulted in a response rate of 54.7%. We included only women with singleton pregnancies, with term births, and without a diagnosis of diabetes or gestational diabetes, which resulted in 9824 pregnancies (83.8%) available for the final analysis. We confined analyses to pregnancies with plausible weight data for all 3 trimesters. For 1840 pregnancies, weight data were missing in at least one trimester. For each trimester, we defined weightgain values below the 0.1% percentile or above the 99.9% percentile as implausible ( Figure 1) . If more than one weight per trimester was reported, we used the earliest measurement for the analysis. Third-trimester weight measurements later than gestational week 40 were set as missing.
Outcome and explanatory variables
BMI was calculated as weight in kilograms divided by squared height in meters. BMI categories were defined according to the IOM/NRC and WHO (underweight: ,18.5; normal weight: 18.5-24.9; overweight: 25-29.9; and obese: 30) (13).
Total GWG was defined as the difference between maternal prepregnancy body weight and the last weight measurement before delivery. The time difference (in wk) between the last measurement and delivery was skewed (mean: 1.3; median: 1; 1% percentile: 0; 99% percentile: 3), which implied that the majority of time differences were smaller than the mean. In accordance with IOM/NRC guidelines, the adequate total GWG was classified as a total weight gain of 12.5-18 kg for underweight women, 11.5-16 kg for normal-weight women, 7-11.5 kg for overweight women, and 5-9 kg for obese women (1) . Information on maternal prepregnancy weight and maternal weight that were measured at several time points during gestation was derived from the maternity pass. First, second, and third trimesters were defined as weeks 1-13, 14-26, and 27-40, respectively.
We calculated cutoffs for inadequate and excessive GWG for each week according to IOM/NRC guidelines. During pregnancy, a linear progression of GWG was assumed with different slopes in the first trimester and the following 2 trimesters (1). According to the guidelines, there is a slower rate of GWG in the first trimester than in the second and third trimesters. For example, for normal-weight women, the upper cutoff point of normal GWG in the first trimester is 3 kg. Subtracted from the upper cutoff of total GWG (16 kg) at the end of pregnancy, the upper limit in the remaining 27 wk is a total of 13 kg. This results in a weekly gain of 0.23 kg in the first trimester and 0.48 kg in the second and third trimesters. Similarly, the lower cutoff in the first trimester for normal-weight women is 1 kg. Subtracted from the lower cutoff point of total GWG (11.5 kg), the lower limit in the remaining 27 wk is a total of 10.5 kg. This results in a weekly gain of 0.39 kg in the second and third trimesters. We accumulated the weekly gain to obtain the lower and upper limits of weight gain per week according to IOM/NRC guidelines. For example, in week 24, the lower limit was 5.28 kg (1 kg in the first trimester plus 11 wk · 0.39 kg/wk), and the upper limit was 8.3 kg (3 kg in the first trimester plus 11 wk · 0.48 kg/wk). For each woman, we compared her actual GWG in the particular week for which data were available with these limits to ascertain whether her gain was below or above the week-specific cutoff (yes or no). A similar procedure was conducted for the other BMI categories.
Statistical analysis
We used Student's t, Mann-Whitney U, and chi-square tests (as appropriate) for comparisons of characteristics of included and excluded participants ( Figure 1 ).
To assess the prediction of the deviation from GWG cutoffs in either direction in the first, second, or third trimester for inadequate or excessive GWG at the end of pregnancy, we calculated the following prognostic values for each of the 3 measurement periods: sensitivity, specificity, PPV, and NPV. We also calculated the positive DLR [sensitivity4(1 -specificity)], which is a measure of the probability of disease increase when the corresponding test (in our case, a gain of more or less weight than the gestational week-specific GWG cutoffs) is positive. The CI of the positive DLR was calculated as suggested by Simel (14) . All statistical analyses were conducted with a software package (R 2.12.1; R Foundation for Statistical Computing, http://cran.r-project.org).
RESULTS
Sample description
In the study population, the mean maternal age was 29.0 y, and the mean prepregnancy weight was 65.0 kg ( Table 1) . On average, compared with excluded women, included women had significantly fewer children, were slightly taller, had higher total GWG, and had children with a higher mean birth weight. There were significant differences between included and excluded women with regard to maternal prepregnancy BMI and GWG. In excluded women, women with normal weight were more likely to have inadequate total GWG, and women with overweight and obesity were less likely to have excessive total GWG. Underweight mothers were most likely to experience normal or inadequate total GWG. In normal-weight mothers, adequate or excessive total GWG were about equally common and observed in ;40% each. Excessive total GWG was observed in more than two-thirds of overweight and obese mothers, whereas inadequate total GWG was rarely detected.
The distribution of weight measurements varied by trimester ( Figure 2) . Times of weight measurement in trimester 1 were evenly distributed between weeks 1 and 13 (median: 7 wk; 1% percentile: 3 wk; 99% percentile: 13 wk). In trimesters 2 and 3, most weight measurements were taken in the second half of the trimester between weeks 20 and 27 for trimester 2 (median: 24 wk; 1% percentile: 21 wk; 99% percentile: 26 wk) and between weeks 33 and 40 for trimester 3 (median: 36 wk; 1% percentile: 34 wk; 99% percentile: 38 wk).
Prognostic value of the lower cutoffs at first, second, and third trimesters
In all BMI categories, the sensitivity, specificity, and, hence, positive DLR to predict inadequate GWG from the lower gestational week-specific cutoffs increased from the first to third trimesters ( Table 2 ). The sensitivity to predict inadequate weight gain in the second trimester was higher in obese and overweight mothers than in underweight and normal-weight mothers. In contrast, the specificity was considerably lower in obese and overweight than in underweight and normal weight mothers, which resulted in a positive DLR .4 in underweight and normalweight mothers compared with 2.4 in overweight mothers and 2.0 in obese mothers. This effect was also reflected in PPVs of ;70% in underweight and normal-weight mothers compared with lower PPVs in overweight and obese mothers ( Table 2) .
Prognostic value of upper cutoffs at first, second, and third trimesters
In all BMI categories, the sensitivity to predict excessive GWG from the higher gestation week-specific cutoffs increased from the first to third trimesters, whereas the relation to specificity was not consistent (Table 3) . Therefore, increasing positive DLRs by trimester were mainly a reflection of increasing sensitivity. The sensitivity to predict total excessive GWG on the basis of second trimester cutoffs was similar (.70%) in all maternal weight categories. The specificity was higher in obese and overweight mothers than in underweight and normal weight mothers, which resulted in positive DLRs .4 in overweight and obese mothers compared with 2.8 in normal and underweight mothers. This effect was also reflected in PPVs of 94.3% in overweight and 93.3% in obese mothers.
DISCUSSION
To our knowledge, this is the first validation of trimesterspecific IOM/NRC cutoffs for the prediction of staying within IOM/NRC recommendations for total GWG. This prediction improved by gestational age and was related to maternal prepregnancy BMI and total GWG outcome. The prediction of total inadequate GWG on the basis of second-trimester cutoffs was highest in underweight and normal-weight mothers because of the high specificity of the second-trimester cutoffs. Nevertheless, only about one-half of pregnancies with inadequate GWG were identified in these mothers. However, in overweight and obese women, the clinical relevance of inadequate GWG appears to vary by degree of obesity, smoking status, and parity (15) . Among overweight and obese women, lower GWG might even be beneficial (15, 16) . The prediction of total excessive GWG on the basis of second-trimester cutoffs was highest in overweight and obese mothers because of a high specificity of second-trimester cutoffs. More than 70% of the pregnancies with excessive GWG were identified in these mothers.
Increasing predictive properties of gestational week-specific cutoffs during the course of gestation appear plausible. There is less room for variability, the closer the trait "deviating from recommended ranges" is measured to the final determination of "deviating recommended ranges for total GWG." However, this phenomenon has not previously been confirmed on the basis of empiric data but is of importance for studies that assess the association of high GWG early in pregnancy and the long-term risk of childhood overweight (17) (18) (19) . 
TRIMESTER-SPECIFIC CUTOFFS TO PREDICT GWG
We observed a fairly good prediction of inadequate total GWG from second-trimester gestational week-specific cutoffs in underweight and normal-weight mothers and a good prediction of excessive total GWG from second-trimester gestational weekspecific cutoffs in overweight and obese mothers. This observation is important for physicians who advise mothers in earlier stages of pregnancy to achieve adequate final GWG. Early prediction is a prerequisite for potential interventions to improve adherence to IOM/NRC recommendations for total GWG. Interventions to improve the proportion of women who gain within GWG guidelines need to be targeted at women at risk of deviating from the guidelines in either direction; women with presumed excessive GWG early in pregnancy need a different intervention than do women with presumed inadequate GWG. However, these interventions have to be initiated as early as possible to be able to act for a long enough period to be effective. There is evidence that dietary advice starting in midterm pregnancy may increase weight gain in women with inadequate GWG (20) . There is additional evidence that an increase in physical activity (9, 10) particularly if combined with dietary counseling and weight monitoring (11) , can reduce total GWG.
Inadequate GWG was mainly observed in underweight and normal-weight mothers. In underweight women, the avoidance of inadequate weight gain is a major challenge because of high risk of intrauterine growth retardation in case of inadequate GWG (21) . Therefore, the identification of inadequate GWG appears to be particularly important. About one-half of pregnancies in underweight mothers that result in inadequate final GWG can be detected in the second trimester. The PPV for the total inadequate GWG was 72.1% in underweight mothers and 68.3% in normalweight mothers. Therefore, a balanced protein-energy supplementation, which has been shown to be useful to achieve adequate GWG (20) , may be warranted.
Excessive GWG was observed in 40.7% of normal-weight mothers, 70.0% of overweight mothers, and 65.1% of obese mothers. In overweight and obese women, excessive GWG is strongly associated with adverse birth-related outcomes (12, 16, 21) . In 72.7% and 70.4% of pregnancies in overweight and obese mothers, respectively, excessive total GWG was predicted in the second trimester. In these mothers, the PPV of exceeding gestational week-specific cutoffs for final excessive GWG was ;94%. The relatively high prevalence of excessive GWG of 70% and 65.1% in overweight and obese women in our sample had an influence on the high PPV of second-trimester weekspecific cutoffs. A higher prevalence of the condition in a population increases the probability that a person with a positive test result will exhibit the condition of interest. Prevalence values similar to our sample have been reported in other studies (6, 22) . The corresponding NPVs of 50.6% and 45.6% imply that only about one-half of mothers with weight gain below the weekspecific cutoff will finally have adequate weight gain, which indicates that normal weight gain cannot be predicted well from second-trimester week-specific cutoffs. Interventions to reduce GWG in overweight and obese mothers are necessary because of the considerable risk related to excessive GWG in overweight and obese pregnancies and justified because of the high PPV. On the basis of our data, the pretest probability of excessive GWG in overweight pregnancies of 0.69 increases to 0.92 if the weekspecific cutoffs are exceeded in the second trimester. The respective probabilities for obese mothers are 0.64 and 0.88. An increase of physical activity, dietary counseling, and weight monitoring, which have been shown to be efficacious to reduce GWG (9-11), may be beneficial interventions for these women.
Overall, we showed positive DLRs between 2.0 and 5.3 for second-trimester cutoffs. These DLRs were comparable to positive DLRs reported in a study on screening for childhood overweight (23) . In this study, weight gain between birth and 24 mo was the best predictor of childhood overweight with a positive DLR of 2.4.
The usefulness of routine weighing in pregnancy has been questioned on grounds of raising unjustified concern in mothers (24) . Our data point to the considerable properties of weight measurements in pregnancy to predict excessive and inadequate total GWGs, which have been shown to be associated with pregnancy complications, adverse pregnancy outcomes, and long-term effects in offspring. Although a previous observational study suggested a limited contribution of GWG to risk of small for gestational age (25) , specific counseling of pregnant women on the basis of the week-specific cutoffs provided by the IOM/ NRC might well have an impact on risk of small-or large-forgestational-age births, which needs to be established in additional studies.
Our study had some strengths and limitations. Exposure and outcome data of our study were ascertained from medical records. All weight data, apart from prepregnancy weight, which was recalled at the time of the first antenatal visit, were measured. The sample size was high, which allowed for subgroup analyses by maternal prepregnancy BMI categories. Two possible limitations of our research should be considered. First, measurement points were not equally distributed throughout trimesters. In the first trimester, weight measurements were almost equally distributed across time. In contrast, in second and third trimesters, weight measurements were predominantly performed in the second half of the trimester. Therefore, the observed positive DLRs may not have been equally valid at each time during the respective trimester but, rather, may have reflected late time points in the respective trimesters. This possibility may have created some overestimations of these positive DLRs. In the future, our analysis should be replicated in a data set that includes data from early in the second trimester. Second, a selection bias might have been possible because some eligible mothers had to be excluded because of missing or implausible data on weight gain. However, in most strata, prevalences of inadequate, adequate, and excessive GWGs were similar in included and excluded mothers.
In conclusion, on the basis of whether women fail to reach or exceed the second-trimester-specific IOM/NRC weight-gain recommendations, we showed that inadequate GWG could be predicted in underweight and normal-weight mothers, whereas excessive GWG could be predicted in overweight and obese mothers, respectively. Therefore, targeted recommendations to reduce risk of inadequate GWG in underweight mothers and excessive GWG in overweight and obese mothers appear possible as early as during the second trimester.
